Background/Aims: Elabela (ELA) or Toddler is a recently identified hormone that plays a crucial role in embryonic development through the activation of the apelin receptor (APJ). Our previous study indicated that ELA is highly expressed in adult kidney and the ELA receptor signaling pathway is functional in mammalian systems. Whereas nothing is yet known regarding ELA and diabetic kidney disease (DKD). Here, we evaluated the relationship between serum ELA levels and albuminuria in patients with type 2 diabetes (T2D). Methods: An observational study involving 80 patients divided into groups according to their baseline urinary albumin/creatinine ratio (ACR): Group 1 (ACR ≤ 29 mg/g), Group 2 (ACR = 30-299 mg/g), Group 3 (ACR ≥ 300 mg/g with normal serum creatinine), and Group 4 (ACR ≥ 300 mg/g with increased serum creatinine). The demographic, clinical, and biochemical variables including serum ELA were obtained or measured through disease history, physical examination, or laboratory evidence. Results: The results showed that the serum ELA levels decreased gradually with the deterioration of DKD from the stages of normal albuminuria, microalbuminuria, macroalbuminuria, to macroalbuminuria and elevated serum creatinine. In addition, ELA had a significantly negative correlation with ACR (r = -0.561, P < 0.001), retinopathy (r = -0.424, P < 0.001), serum creatinine (r = -0.269, P = 0.016), SBP (r = -0.249, P = 0.026), DBP (r = -0.261, P = 0.020) and a positive correlation with eGFR (r = 0.318, P = 0.004). Furthermore, stepwise multiple linear regression analysis showed that ACR, retinopathy, and LDL-C were considered the most relevant variables to ELA, and ELA, retinopathy, eGFR, and age were important predictors for ACR (t = -4.546, P = 0.000). Conclusions: To our knowledge,
Introduction
Diabetic kidney disease (DKD) is now the leading cause of end-stage renal disease (ESRD) [1, 2] , while the prevalence of diabetes is constantly rising in China and other countries around the world [3, 4] . The natural course of DKD includes glomerular hyperfiltration, progressive albuminuria, decreasing glomerular filtration rate (GFR), and ultimately ESRD. Metabolic changes associated with hyperglycemia lead to glomerular hypertrophy, glomerulosclerosis, and tubulointerstitial fibrosis [5] . Patients with DKD are at a high risk of cardiorenal morbidity and mortality despite optimum treatment, such as angiotensin-converting enzyme inhibitors and angiotensin receptor blockers, and screening for albuminuria and proteinuria is recommended for risk stratification of these comorbidities [6, 7] . Therefore, the identification of new biomarkers associated with albuminuria and the development of renal-targeted intervention approaches designed to reduce albuminuria are needed to delay the progression of DKD and to decrease cardiovascular disease risk and mortality [5, 8, 9] .
Elabela (ELA), also known as Toddler or Apela, is a peptide of 54 amino acids including a secretory signal with a mature form containing 32 amino acids newly discovered by two research groups [10, 11] . ELA is an endogenous ligand of the apelin receptor (APJ), a G protein-coupled receptor (GPCR), expressed in multiple tissues including the kidney. It acts on during embryogenesis and circulating in blood in the adult as a secreted hormonal peptide [11] . Our previous study found that ELA is exclusively expressed in human pluripotent stem cells and adult kidney and can activate APJ signaling pathways, induce angiogenesis in umbilical vascular endothelial cells, and relax mouse aortic blood vessels [12] . A recent study indicated that ELA has protective effects on ischemia-reperfusion injury in kidneys and cultured renal cells through anti-inflammatory, antiapoptotic, and antifibrotic actions [13] . Since ELA is predominantly expressed in the kidney, we reasoned that serum ELA levels may change with the severity of kidney damage, and therefore may serve as a functional marker of the kidney in patients with DKD. In this study, we measured serum ELA levels in patients with type 2 diabetes (T2D) with or without albuminuria, and determined the relationship of ELA levels with DKD stage and metabolic indices.
Materials and Methods

Subjects and examination
The study was conducted in accordance with the ethical principles stated by the Declaration of Helsinki and with approval from the Ethics Committee of the Affiliated Huaian No.1 People's Hospital of Nanjing Medical University. Informed consent was obtained from all participants. A total of 80 patients with T2D were recruited during the years 2014-2016 for this observational study. The inclusion criteria for the patients were as follows: (1) a diagnosis of T2D according to the 1999 World Health Organization diagnosis and classification criteria; (2) a glycosylated hemoglobin (HbA1c) value of 6.0-13.0%; (3) a body mass index (BMI) between 18.5 and 28.0 kg/m 2 ; (4) age ≥ 18 years; and (5) a baseline urinary albumin/ creatinine ratio (ACR) level after determination using 2 samples. The exclusion criteria comprised patients with a history of disease, physical examination, or laboratory evidence who: (1) had chronic kidney disease with hemodialysis; (2) had primary nephropathy or other secondary kidney disease; (3) had acute diabetic complications; and (4) had liver disease, heart failure, stroke, pregnancy, steroid or nitrate usage, rheumatic disease, or an autoimmune disease.
The patients were divided into 4 groups based on their urinary ACR: Group 1 (n = 20, without albuminuria, ACR ≤ 29 mg/g), Group 2 (n = 20, with microalbuminuria, ACR = 30-299 mg/g), Group 3 (n = 20, with macroalbuminuria and normal serum creatinine, ACR ≥ 300 mg/g), and Group 4 (n = 20, and urinary creatinine was determined using the alkaline picrate method. The ACR was calculated as albumin (mg)/creatinine (g). Estimated GFR (eGFR) was calculated using the MDRD equation [15] . Glucose levels were determined by enzymatic methods in plasma samples. HbA1c was measured using high-performance liquid chromatography in EDTA whole blood samples (D10; Bio-Rad, Hercules, CA, USA). Serum ELA levels were determined using an ELABELA (human)-EIA kit (Peninsula Laboratories International, Inc., San Carlos, CA, USA) according to the manufacturer's instructions; this assay has inter-and intra-assay coefficients of variation of less than 8% and 5%, respectively.
Statistical analysis
Data are expressed as the mean ± standard error of the mean (SEM) for normally distributed data or median with 25th and 75th quartiles for skewed data. Data were analyzed by R 3.3.1 (R foundation for Statistical Computing, Vienna, Austria). One-way ANOVA with Bonferroni's correction was applied for comparisons among groups. Multiple linear regression and Pearson correlation analyses were used to assess the relationship among variables. A P-value < 0.05 was considered statistically significant. Table 1 presents a statistical summary of the characteristics of all subjects. There were no significant inter-group differences in the following variables: age, BMI, FPG, 2-h PG, HbA1c, diastolic blood pressure (DBP), t-CHOL, LDL-C, HDL-C, and TG. However, Group 1 had a shorter duration of diabetes compared with Group 2 (P = 0.030), Group 3 (P = 0.043), and Group 4 (P = 0.000). The patients in Group 4 had a significantly higher systolic blood Table 1 . The demographic, clinical and biochemical characteristics of all subjects. Note: Data are expressed as the mean ± SEM or as median (interquartile range). Group 1: diabetic patients without albuminuria; Group 2: diabetic patients with microalbuminuria; Group 3: diabetic patients with macroalbuminuria and normal serum creatinine; Group 4: diabetic patients with macroalbuminuria and increased serum creatinine; M, male: F, female: Dur: duration of diabetes; DR: diabetic retinopathy; BMI: body mass index; FPG: fasting plasma glucose; HbA1c: glycosylated hemoglobin; SBP: systolic blood pressure; DBP: diastolic blood pressure; t-CHOL: total cholesterol; HDL-C: highdensity lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride; BUN: blood urine nitrogen; Cre: serum creatinine; eGFR: estimated glomerular filtration rate; ACR: urinary albumin/creatinine ratio. The data are expressed as the mean ± SEM for normally distributed data or median with 25th and 75th quartiles for skewed data. a P < 0.05 vs. pressure (SBP), but not DBP, compared with the other three groups (P = 0.000, P = 0.000, and P = 0.015 vs. Group 1, 2, and 3, respectively). Concomitant with the levels of serum creatinine and BUN, the patients in Group 4 also had a significantly lower eGFR compared with the other groups (P = 0.000, P= 0.000, and P = 0.000, vs. Group 1, 2, and 3, respectively).
Results
Characteristics of study subjects
ELA levels with different stages of DKD Next, we further determined the ELA levels with respect to DKD stage. As shown in Fig. 1 , serum ELA levels decreased gradually with the deterioration of DKD from normalalbuminuria (Group 1), microalbuminuria (Group 2), macroalbuminuria with normal serum creatinine (Group 3), to macroalbuminuria with elevated serum creatinine (Group 4). Pairwise comparisons showed significant differences in ELA levels for the comparison of Group 1 with Group 2 (P = 0.043), Group 3 (P = 0.001), and Group 4 (P < 0.001) and for Group 2 with Group 4 (P = 0.008), while the other comparisons had P-values larger than 0.05.
Association of ELA with clinical characteristics
We studied the relationship between serum ELA levels and other variables. In simple correlation analyses, as shown in Fig. 2 (correlation coefficients between variables) and Table 2 (P-values between variables), ELA had a significantly negative correlation with ACR (r = -0.561, P < 0.001), retinopathy (r = -0.424, P < 0.001), serum creatinine (r = -0.269, P = 0.016), SBP (r = -0.249, P = 0.026), and DBP (r = -0.261, P = 0.020) and a positive correlation with eGFR (r = 0.318, P = 0.004). We also examined the Fig. 2 and Table  2 . To control for potential confounders, we performed stepwise multiple linear regression with ELA as the response and all of the other aforementioned variables as predictors. We allowed variable selection to proceed in both directions, namely, forward selection and backward elimination. With the Akaike Information Criterion (AIC) as the target, the best model selected was a regression of ELA on retinopathy, LDL-C, and ACR (Table 3) . In other words, after taking into account the impact of all variables, retinopathy, LDL-C, and ACR were considered to be the most relevant variables to ELA. Table 2 shows that ELA, retinopathy, SBP, DBP, eGFR, serum creatinine, and BUN were candidate predictors for the regression of ACR. We then employed stepwise regression analysis in both directions. The optimum model based on the AIC is presented in Table 4 , indicating that ELA, age, eGFR, and retinopathy were significant, while DBP and BUN were useful for modelling. The results show that in addition to eGFR, retinopathy, and age, ELA is another significantly relevant variable to ACR.
Association of ACR with subject characteristics
Discussion
This study demonstrated that serum ELA might be a new potential predictor in DKD. In the study, serum ELA levels were lowered in patients with albuminuria. More importantly, serum ELA levels decreased progressively with DKD stage from normal-albuminuria, microalbuminuria, macroalbuminuria with normal serum creatinine, to macroalbuminuria and elevated serum creatinine. In addition, serum ELA levels were significantly negatively correlated with ACR, retinopathy, serum creatinine, SBP, and DBP and were positively correlated with eGFR. Moreover, stepwise multiple linear regression analysis indicated that ACR, retinopathy, and LDL-C were the most relevant variables determining ELA levels. We also found that ELA, retinopathy, eGFR, and age were important predictors for ACR by stepwise regression analysis. Thus, ELA appears to be a new biomarker for DKD. However, the sample size of 20 subjects per DKD stage is relatively small, and larger-scale studies are needed to confirm our findings.
ELA is encoded by the AK092578 gene from a region of the human genome that was previously annotated as non-coding RNA. The cDNA encoding ELA is highly conserved in vertebrates, suggesting its essential physiologic functions [12, 16] . ELA shares functional similarities to apelin, another ligand of the APJ. Apelin, expressed widely in various organs, including the heart, kidney, lung, brain, skeletal muscles, and gastrointestinal tract, is a multifunctional protein involved in angiogenesis, energy metabolism regulation, and fluid homeostasis [17, 18] . Apelin is reported to have a beneficial effect in diabetes and its complications by promoting glucose uptake, improving insulin sensitivity, reducing body adiposity, enhancing brown adipogenesis, controlling diabetes-induced kidney hypertrophia and albuminuria, and suppressing oxidative stress [19] [20] [21] [22] . A clinical study in CKD patients with cardiovascular disease indicated that patients with high serum apelin levels had higher adiponectin levels, greater eGFR, and lower IL-6, resistin, visfatin, and LDL-C levels, with a lower cardiovascular hospitalization and mortality [23] . Conversely, several studies showed opposite results that serum apelin levels had no relationship with diabetes and its vascular complications, and even that apelin promoted diabetic nephropathy by inhibiting proteasomal activity in vitro [24] [25] [26] . Thus, the role of apelin in CKD remains controversial. Chng et al. demonstrated that ELA is expressed earlier than apelin during development and is expressed concomitantly with the APJ before the onset of gastrulation. Since both ELA and apelin act on the APJ, ELA may serve as a biased signaling ligand for the APJ [10] . Yang et al [27] . showed that ELA and apelin were detectable in healthy human plasma at subnanomolar levels, and ELA is found at significantly higher levels than apelin in the circulation. We and others found that ELA transcripts, different from apelin, are expressed mainly in pluripotent stem cells, fetal and adult kidney, prostate, and vascular endothelium, and is predominantly expressed in renal tubular epithelial cells in humans and rodents [10, 12, 13, 27] . Our previous study demonstrated that the ELA-APJ signaling pathways are functional in mammalian systems in respect of the suppression of cAMP production, promotion of ERK phosphorylation, induction of angiogenesis, and relaxation of blood vessels. Slowly, the biological functions of ELA are starting to be revealed. Chen et al [13] . reported that ELA treatment markedly improves acute kidney injury in vitro and in vivo through inhibiting apoptosis, reducing inflammatory response, suppressing fibrosis and related markers (TGF-β1, fibronectin, vimentin, and collagen 1), and decreasing autophagy and the DNA damage response. These data collectively implicate that ELA may play a protective role in kidney diseases including diabetic nephropathy. However, the relationship between serum ELA and DKD had not been characterized prior to the present study.
The present study included 80 diabetic patients at all stages of DKD with comprehensive clinical characteristics. We found a slight decrease of serum ELA levels in patients with microalbuminuria, a further reduction in patients with macroalbuminuria, and an even greater reduction in patients with macroalbuminuria and elevated serum creatinine. Thus, serum ELA levels were progressively reduced with worsening of albuminuria, indicating that the reduction of ELA could be a new predictor for diabetic kidney injury. The reduction of serum ELA may be a result of its decreased synthesis and release from diabetes-inflicted kidney and blood vessel injuries. Intriguingly, serum ELA levels showed a significantly negative correlation with ACR, retinopathy, serum creatinine, SBP, and DBP and a positive correlation with eGFR by pairwise comparisons. Furthermore, stepwise multiple linear regression analysis showed that ACR, retinopathy, and LDL-C were the most relevant variables to ELA level. Conversely, we found that in addition to eGFR, retinopathy, and age, ELA was also a significantly relevant variable to ACR level. Thus, serum ELA levels are related to albuminuria in patients with T2D. In addition, age was included in both linear regressions analyses as a controlling variable, and we found that age was not significant in ELA regression, but it was significant in ACR regression. Since there was no statistically significant difference in age between the 4 groups (Table 1), we consider that age affects ACR levels only as a covariate.
Considering the known functions of ELA in protection against tissue injury, promotion of cell survival, and reduction of blood pressure [10, 11, [27] [28] [29] [30] [31] , it may be reasonable to speculate that the decrease of kidney ELA expression is not just a simple marker for kidney damage but may actually contribute to the DKD symptoms mentioned above. More studies are warranted to delineate the role of ELA in DKD or other kidney injuries.
To the best of our knowledge, this is the first study to explore the clinical relationship between ELA levels and CKD, and showed a significant correlation between ELA levels and the severity of DKD. Nevertheless, this study has some limitations. Firstly, its relatively small sample size might not be representative for the actual relationship between serum ELA levels and overall albuminuria levels in DKD patients. Secondly, healthy subjects were not enrolled, which would limit the observation of ELA levels to diabetic subjects. Further large-scale and longitudinal studies that include healthy subjects would help to clarify the relationship between ELA levels and albuminuria or DKD. Additional experimental and interventional studies are also needed to investigate the mechanisms underlying the association of ELA with DKD.
In conclusion, our study shows for the first time that serum ELA levels are reduced in patients with DKD, are significantly associated with albuminuria levels, and are a clinically significant predictor for patients with DKD. If further studies confirm our findings, ELA may serve as a new diagnostic marker or therapeutic agent for CKD.
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